OPINION MATERIAL MATTERS

Katherine L. Van Aken
The critical role of creativity in research A s a senior doctoral student, I often motivate our research group in weekly meetings by bringing up important events, seminars, lab reminders, and anything that is worthy of discussion. A few months ago, I posed this question to our group (~30 researchers): "Does anyone have any crazy, out-of-the-box suggestions for how we can use this material?" Unfortunately, my question was answered with blank stares, a few confused looks, and a wall of silence. While we eventually had a discussion along those lines, it was clear that "outof-the-box" thinking was not something that came naturally to us. But this unfortunate situation got me thinking about research today and where creativity and innovation fi t into our research process.
By most defi nitions, creativity and innovation-while used interchangeably in many disciplines-are two different things. Creativity is defi ned as coming up with something original or unusual. Motivated by curiosity on top of a vast knowledge base, creativity allows one to shake up the normal way of thinking and come up with new solutions to a problem. Innovation, on the other hand, is creating something new that has obvious value to others. While we may have our own way of separating the two ideas in the world around us, I would posit that there is a very interesting space where both concepts can coexist and even complement each other: a scientifi c research laboratory.
At fi rst, this might sound ridiculous. Aren't the creative process and the scientifi c process entirely different? Isn't innovation reserved for industry and product development? Perhaps, but, in fact, scientifi c research is a fi eld where there are no rules, no standards, and no direct expectations of an outcome. Fundamental research is meant to discover the unknown and solve problems that don't yet have solutions. It often doesn't go as planned and leads to solutions and problems that were not part of the original question. In the modern world, the problems that science attempts to solve are also extremely complex, leading to more and more interdisciplinary fi elds and collaborations. For example, Materials Science is a naturally interdiscipli-nary field consisting of chemistry, biology, physics, math, and many engineering components. The nature of a materials science discipline is creative in itself, acknowledging the fact that problems such as self-healing polymers and energy storage cannot be solved with any one strict science discipline alone. These complex problems require complex solutions from scientists who can creatively combine their multiple fi elds of knowledge.
But how does innovation fi t into a research laboratory? In many labs, it does not. Scientists who have run tests and analyzed results the same way for years are not likely to innovate. In fact, many researchers are moving too fast through what they know without considering what they don't know. They don't take a step back to ask if there is another way to get to the solution. While creativity in the lab can yield new ways of thinking about the problem, innovation can create new ways of solving it. In some cases, this may lead to a patentable idea or product, similar to the technology innovations we are familiar with today. For example, trying a new material in a completely different application could be considered innovative. But in most cases, it will be a new way of testing or a new way of synthesizing, and these small changes can have a large impact on research and our understanding of the scientifi c world.
So let's go back to my group's apparent confusion when they were challenged to be creative and innovative at our meeting. Why do scientists seem to be too busy to innovate? In industry, it makes sense to be cautious with new ideas because there are always budget limits, and funds need to be used where they create the best outcomes for the enterprise. But why hesitate to try a crazy idea in the lab when at the very worst it simply won't work?
An IQ test is a standardized measure of intelligence that has existed for decades.
Katherine L. Van Aken, doctoral student at A.J. Drexel Nanomaterials Institute, Drexel University About 30 years ago, when raw IQ scores were analyzed, James Flynn discovered that the scores had been increasing over time. 1 This led to the "Flynn effect," a concept suggesting that people are getting smarter with each new generation. There are many suggested reasons for this trend, including increased levels of nutrition, longer years of schooling, and more stimulating environments. About 50 years ago, E. Paul Torrance developed a similar test to measure the creative intelligence of a person (Test of Creative Thinking). This test is also standardized to compare individuals with their peers. Recently at The College of William and Mary, raw emotional quotient scores were analyzed over time, revealing that people are becoming less creative with each new generation. 2 Despite the positive trend of the Flynn effect, a reverse trend is seen in creativity, suggesting that the technology and ease at which we can gather information today has reduced our need to think creatively.
A major factor that limits one's desire to take creative risks in their fi eld is the fear of getting it wrong. We are repeatedly taught that there is a correct answer to every problem, and anything else is wrong. Therefore, trying something new and creative could seem diffi cult to scientists who are used to solving issues with a single focus. However, one of the most important discoveries was made after thousands of failed attempts. In a biography 3 In science and especially research, getting it wrong is just as important as getting it right. Once we are able to accept that our creative idea might not work, but that is okay, we can unleash a whole new potential of creativity and innovation toward solving the world's problems. Knowing that our environment and the wealth of accessible information are acting against our potential creative skills is only partly helpful. Acknowledging that one can be more creative in the lab is great, but thinking creatively is often a departure from the norm. A good example of creative science is something that has a large impact on the fi eld and is simple enough that many people have had the chance to make the same discovery. For example, the isolation of graphene sheets from graphite has both of these characteristics. In 2004, Geim and Novoselov received a Nobel Prize for their work, so it was defi nitely infl uential to the fi eld of materials science. 4 On the other hand, it was a very simple solution, consisting of simply cleaving layers of graphite using Scotch tape. It was something any scientist could have done without expensive equipment, but only these scientists did it, making their discovery creative. So next time when you are running a routine experiment that you have done a thousand times, stop to consider a new way you could do it, or daydream about different applications that could benefi t from your new materials. But most of all, don't forget to learn as much as you can both inside and outside of your fi eld. Do not let the scientifi c process and busy experiment schedules keep you from trying crazy, out-of-the-box ideas. There is no better time or place to be creative than a research lab.
I am providing some tips to increase your ability to be creative and innovative. Who knows, maybe you will solve 
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